Rats' exploration of stimulus P (e.g., a domestic object) is reduced following either its direct exposure or its indirect exposure and is taken to indicate recognition memory. Procedures for demonstrating indirect object recognition involve an initial presentation of object P with stimulus X (and of an object Q with stimulus Y). On test, stimulus X is presented with objects P and Q and rats' exploration of Q exceeds their exploration of P. One interpretation here is that the presentation of stimulus X on test associatively activates the memory of object P, which diminishes exploration of P relative to Q. It is possible, instead, that performance is simply the result of a novel pattern of stimulation generated by the unfamiliar combination of X and Q. The authors modified this procedure to reduce the likelihood of such a process. Their procedure involved first the presentation of PX and QY before the presentation of stimulus X alone. During the test that followed, objects P and Q were presented but stimulus X was removed. The authors found that exploration of Q remained greater than that of P despite these modifications and discuss some theoretical implications of indirect, associative processes in recognition memory.
In a typical object recognition experiment (e.g., Kivy, Earl, & Walker, 1956; Ennaceur & Delacour, 1988) , rats are first presented with a pair of identical domestic objects (PP; e.g., two identical bottles) and are subsequently given a choice test in which the familiar P stimulus is presented with the novel Q stimulus (PQ; i.e., the original bottle and, e.g., a new jar). Sanderson and Bannerman (2011) recently suggested that performance on such tasks may be understood in terms of a model of memory proposed by Brandon, Vogel, and Wagner (2003; see also, Honey & Good, 2000; Wagner, 1981) . Here, stimuli are conceived of as collections of representational elements capable of existing in inactive or active states. Initial presentation of object P will promote P's elements from inactivity into a primary state of activity (A1) provoking relatively strong responding (e.g., orienting, approach). Responding will diminish as the elements decay into a secondary (A2) state of activity before they, again, become inactive. Because elements are unable to enter their A1 state directly from their A2 state (e.g., Brandon et al., p. 9) , the presentation of P on test (whose elements will be in their A2 states) provokes weaker approach behavior than the novel object, Q (whose elements can enter their A1 states directly from their inactive states). This has been the finding reported in a great variety of settings (see, e.g., Albasser, Davies, Futter, & Aggleton, 2009; Hughes, 2007; Wan et al., 2001 ; see also Fagan, 1970) .
A variant of this recognition memory task, reported by Dellu, Fauchey, Le Moal, and Simon (1997; see also Dix & Aggleton, 1999; Eacott & Gaffan, 2005; Honey, Good, & Manser, 1998) , is also explicable in terms of Brandon et al.'s (2003) model (Honey & Good, 2000; Honey et al., 1998; Sanderson & Bannerman, 2011) . Rats were presented with both objects, P and Q, on separate trials and with each presented in a distinct context, respectively, X and Y. During the test, both objects were presented in context X, and rats were found to explore object Q more than object P. Brandon et al.'s model will allow that excitatory associations may form between context cues and the objects (in particular, X 3 P and Y 3 Q) during their pairing. And on test, context X elicits A2 activity in P's but not Q's elements. When a rat then encounters the objects, therefore, Q's elements will tend to enter their A1 states from their inactive states, provoking relatively great approach responding; however, because of their associative activation by X, P's elements will tend to be in their A2 states where they provoke rather little responding and will be unable to enter their A1 states. Thus, Brandon et al.' s model can use direct (stimulus decay) and indirect (associatively activated) forms of A2 priming, respectively, to permit standard (e.g., Kivy et al., 1956 ) and contextual forms (e.g., Dix & Aggleton, 1999) of recognition performance. Evidence supportive of this analysis has been reported in Pavlovian conditioning procedures (e.g., Kimble & Ost, 1961; Knight, Lewis, & Wood, 2011) .
Although the analysis of contextual recognition performance is consistent with Brandon et al.'s (2003) model, it is possible to understand it instead in terms of generalization decrement (e.g., Hull, 1943; Lovibond, Preston, & Mackintosh, 1984) . Here, the object and context are assumed to interact such that, for example, object Q will be perceived differently during the test in context X than it was during training in context Y. It may act, therefore, as a partially new stimulus, thus able to support approach behavior. Although such arguments can never really be dispelled (e.g., Hall, 1991) , it is certainly possible to make arrangements to reduce any potential role for generalization decrement. Honey et al. (1998) reported one such strategy in which rats' orienting responses were measured to lights (P and Q) that were paired with auditory stimuli (respectively, X and Y; i.e., X 3 P and Y 3 Q trials). Over the course of training, orienting responding elicited by the lights declined; but during testing, orienting recovered when a light was preceded by the alternative auditory stimulus (e.g., orienting to P was greater on Y 3 P trials than on X 3 P trials), a finding mirroring that of Dix and Aggleton (1999) . This finding may be accommodated by Brandon et al.'s (2003) model, but an account based on generalization decrement seems less likely than in the example above because Honey et al. arranged for the auditoryvisual elements to be presented sequentially. Because there was no direct overlap between the stimuli, the kinds of interactions required for the generalization decrement argument seem relatively remote (e.g., Lovibond et al., 1984) .
The purpose of these experiments (whose designs are summarized in the top panels of Figure 1 and Figure 3) was to investigate the prediction that indirect (i.e., associative) priming of an object's representation diminishes the approach responding it elicits. During Stage 1 of our experiments, rats were exposed to target objects P and Q that were presented simultaneously with, respectively, stimuli X and Y (objects in Experiment 1; wall inserts in Experiment 2), in order to permit the formation of excitatory associations Figure 1 . Upper panel: Schematic representation of Experiment 1. All rats were placed in an arena containing 2 domestic objects. Stage 1 comprised 2 trials. Objects P and X were presented on one of those trials; objects Q and Y on the other trial. During Stage 2, the arena contained only object X (XX). In the subsequent test, object P was presented with object Q. Treatments for Groups 5 and 10 were identical except that the durations of their Stage-1 and Stage-2 exposure was, respectively, 5 min and 10 min. See the Method section for full details. Lower panel: Results of Experiment 1. Means and 1 SE of each mean from Experiment 1. Data for Groups 5 and 10 are, respectively, presented on the left and right. For both groups, the left trio of data represent the proportion (percentage) of time spent in zones during Stage 1 (PX and QY) and Stage 2 (X); the right pair of data the proportion (percentage) of time spent in zones around the P and Q objects during the test. between them (X 3 P and Y 3 Q). After this, rats were presented with X and then objects P and Q. The anticipated result was that approach of Q should be greater than that of P (cf., Dix & Aggleton, 1999) . However, we sought to reduce the potential impact of any generalization decrement by presenting and removing X 10 min before test presentation of P and Q. The presentation of X should indirectly activate stimulus P by associatively activating its elements into their A2 states. If so, it is possible that the standard finding will remain because presentation of Q on test will provoke its elements from their inactive states into their A1 state (eliciting relatively strong approach behavior) whereas presentation of P will do so only to the extent that its elements have decayed from their A2 state to their inactive state. Thus, the prediction of these experiments is that performance based on indirect recognition memory should be retained but that performance based on generalization decrement should be abolished.
Experiment 1
We set out to assess the possibility that recognition memory could be achieved, indirectly; that is, when the target stimulus, rather than being presented directly before test (e.g., Dellu et al., 1997; Dix & Aggleton, 1999; Eacott & Gaffan, 2005) , is associatively activated (e.g., Honey et al., 1998; Sanderson & Bannerman, 2011) . Demonstrations in which exploratory responding is greater to an object presented in an apparatus that it has not before been exposed in (e.g., Dellu et al., 1997; Dix & Aggleton, 1999; Eacott & Gaffan, 2005) may be taken as evidence of the reality of indirect recognition memory (see also, e.g., Kimble & Ost, 1961; Knight et al., 2011) . However, performance is also explicable in terms of generalization decrement (e.g., Hull, 1943; Lovibond et al., 1984) and the results reported by Dellu et al., 1997; Dix and Aggleton, 1999; and Eacott and Norman, 2004 , are especially prone to that suggestion because testing occurs with the target stimuli presented simultaneously with the apparatus cues with which they may perceptually interact. Experiment 1, whose design is depicted in the top panel of Figure 1 , arranged for separation of the crucial stimulus, X, and the target stimuli, P and Q. We assumed that the nonsimultaneous presentation of X and P and X and Q would minimize any effect of generalization decrement on performance but would permit associative, indirect processes. Thus, if the sole source of performance in such experiments is due to associative activation of P by X, then responding to Q is expected to exceed that to P; but if the sole source of performance is based only on generalization decrement, responding to P and to Q should be equivalent. Experiment 1 used domestic objects for stimuli P, Q, X, and Y.
Method
Subjects. Sixteen male Lister-hooded rats (Rattus norvegicus), supplied by Charles River (United Kingdom) served as experimental subjects. They were pair housed in cages in a room illuminated between 0700 and 1900. Rats' cages contained wood chip and paper bedding and a cardboard tube for environmental enrichment. On the day before the test, rats weighed between 320 and 380 g, with a mean of 351 g, and they had free access to food and water throughout the experiment. Rats had previously been exposed to auditory stimuli in conditioning chambers but were naive to the current apparatus and stimuli.
Apparatus.
Four identically specified white, high-density polyethylene boxes served as arenas. Their molded construction resulted in curvature where the floor and walls met but the approximate dimensions were 60.0 cm ϫ 40.0 cm ϫ 45.0 cm high. A sheet of white acrylic was fitted so as to provide a flat floor that perfectly met the walls. Multiple copies of four objects were used: (a) a blue, plastic bottle with height of 20.0 cm and circular base of 7.0 cm diameter; (b) a molded plastic bottle covered with black-and-white penguins with a height of 20.5 cm and maximum base dimensions of 9.0 cm ϫ 10.0 cm; (c) a black glass hourglassshaped bottle with a height of 18.0 cm and a circular base of 6.5 cm diameter; (d) and a transparent glass mineral water bottle (23 cm ϫ 8.5 cm). Objects could be secured to the floor using BluTac (Bostik, Leicester, United Kingdom) and were placed in opposite corners. A frame erected above the arena's open top centrally suspended a camera (Fire-I, Unibrain, Athens, Greece) 90.0 cm above floor level. Each camera's view (approximately 45°arc) could be fed to a Microsoft Windows-based personal computer and included the complete floor but only the lower part of the four walls. A pair of light emitting diode (LED) lamps, 22 cm apart, center to center, flanked each camera and produced a floor-level illumination of 50 lx. From the floor of the arena it was possible for a rat to see only a restricted view of the laboratory's ceiling; however, during operation of the lamps, the ceiling was not visible. The lamps were operated in all parts of the experiment. The personal computer was equipped with software (ANY-maze, Stoelting Co., Wood Dale, IL) that automatically tracked rats' head locations within the box. The software was also used to specify floor zones and to automatically record durations of rats' entry into a particular zone, which was taken as an index of its exploration of the stimulus within it. Comparison of automated and directly scored behavior is known to produce similar results (e.g., Silvers, Harrod, Mactutus, & Booze, 2007) . Aqueous ethanol solution (70%, vol/vol) and paper towels were used to clean the arenas and objects to reduce the likelihood of rat-odor cues influencing performance.
Procedure. A schematic representation of Experiment 1 is presented in the top panel of Figure 1 . Rats were randomly assigned to one of two groups: Group 5 (n ϭ 8) and Group 10 (n ϭ 8). Both groups were first given three daily 10-min exposures to an empty arena to promote habituation of nonspecific arena exploration. All experimental training was given on the following day. Stage 1 of training comprised two trials: For half of the rats in each group, stimuli P and X were presented together on the first Stage-1 trial, and stimuli Q and Y were presented together on the second Stage-1 trial; for the remainder the sequence of PX and QY presentation was reversed. For half of the rats in each group the blue bottle served as P and the penguin bottle served as Q; for the remainder of each group the roles of those objects were reversed. The black bottle and the transparent bottle served as X and Y and were counterbalanced in an identical fashion. The subgroups created by counterbalancing P and Q were represented equivalently in the subgroups created by counterbalancing X and Y. Those four counterbalanced subgroups were represented equally in Group 5 and Group 10. The position of the objects within the arena was counterbalanced with the constraints: that objects P and Q did not occur in the same location on the two trials of Stage 1; and that objects X and Y did not occur in the same location on the two trials of Stage 1 (see top panel of Figure 1 ). Stage 2 followed Stage 1, and training consisted of a single trial in which two copies of object X were located in the two object zones. Testing occurred after Stage 2. During the test, all rats were presented with objects P and Q, whose locations were the same as they had been during the Stage-1 trials. The Stage-1 and Stage-2 trial durations for Groups 5 and 10 were, respectively, 5 and 10 min. The test stage was 5 min for both groups. Intervals between the three stages of the experiment were 10 min long. During these intervals rats were removed from the arenas and placed in their home cages while arenas and objects were cleaned and replaced. For rats in both groups, the two zones were located on two diagonally opposite corners of the arena floor. These zones were rectangular, measuring 13.5 cm by 12.5 cm. The area of each zone was 169 cm 2 .
Results and Discussion
Results of Experiment 1 are summarized in the bottom panel of Figure 1 . It is apparent that rats in Groups 5 and 10 spent similar proportions of trial time in the object zones to each other during Stage 1 and, of greater importance, similar proportions of time in PX zones as QY zones. This characterization of the data is supported with an analysis of variance (ANOVA), which yielded no main effects of PX versus QY, F Ͻ 1, or group, F(1, 14) ϭ 3.52, p Ͼ .081, p 2 ϭ .201, and no interaction between those variables, F Ͻ 1. Stage 2 entries to X's two zones were also similar in the two groups, t(14) ϭ 1.23, p Ͼ .237, p 2 ϭ .097. Of central interest are the data from testing, which appear to indicate that, irrespective of group, rats tended to make a greater proportion of entries to the Q zone than to the P zone. This description of the data was confirmed by an ANOVA, which produced a main effect of P versus Q, F(1, 14) ϭ 6.00, p Ͻ .027, p 2 ϭ .300, but neither a main effect of group nor an interaction between those variables, Fs Ͻ 1.
The results of Experiment 1 join those of related experiments (e.g., Dellu et al., 1997; Dix & Aggleton, 1999; Eacott & Gaffan, 2005) in showing an apparent role for associative processes in recognition memory, in which the stimulus X associatively activates the memory of P (priming its elements into their A2 state; Brandon et al., 2003; Honey et al., 1998; Sanderson & Bannerman, 2011) , subsequently reducing exploratory responding. Unlike previous experiments we arranged for nonsimultaneous presentation of X with P and with Q, thereby making remote any role for generalization decrement (Hull, 1943) . By elimination, therefore, our results appear best interpreted as an associatively based form of indirect recognition memory.
Before fully accepting that interpretation it is important to consider an alternative explanation of our results, which is best outlined by reference to the top panel of Figure 1 . Notice that Stage 2 involves the presentation of copies of object X in two zones. One of the zones is that in which object X appeared during Stage 1 (bottom right, in the example in Figure 1 ), but the other is a new location for object X (top left). Because changes of location within an arena can restore approach behavior (e.g., Barker, Bird, Alexander, & Warburton, 2007; Eacott & Norman, 2004; Good, Barnes, Staal, McGregor, & Honey, 2007) , it is possible that rats tended to bias their approach toward the copy of X in its new location for longer than the copy of X in its original, Stage-1 location. Thus, on test, Q's location will have been explored relatively little and may provoke greater levels of exploratory behavior than P's location; that is, test performance could be based on (direct) location recognition rather than (indirect) object recognition. To examine this possibility, we looked again at Stage-2 data; the prediction from this alternative account being that rats' entries into the new X zone should exceed those of the original, Stage-1 zone. The mean proportions of entries to the new and the original (Stage-1) X zones, for Group 5 were, respectively, 39.1% (SEM ϭ 0.03) and 30.8% (SEM ϭ 0.04); the corresponding data for Group 10 were 33.7% (SEM ϭ 0.03) and 32.6% (SEM ϭ 0.04). An ANOVA with group and zone variables yielded no main effect of group, F(1, 14) ϭ 1.52, p Ͼ .237, p 2 ϭ .098; nor effect of zone, F Ͻ 1, p Ͼ .344, p 2 ϭ .064; nor Group ϫ Zone interaction, F Ͻ 1, p Ͼ .461, p 2 ϭ .039. Separate tests on Groups 5 and 10 also failed to reveal differences in the new and original X zones, respectively, t(7) ϭ 1.28, p Ͼ .247, p 2 ϭ .214, t Ͻ 1, p Ͼ .883, p 2 ϭ .003. We also inspected the paths that rats took during Stage 2. The paths from two randomly selected rats from each group are presented in Figure 2 . It is evident that the density of the path is greater for the Group 10 rats than for the Group 5 rats (merely reflecting the differences in the durations of Stage 2 for the two groups) and that some regions of the arena floor were not entered (a result of differences in the sizes of the counterbalanced objects used). However, each rat's exploration of the two zones seemed similar and the paths seemed approximately symmetrical across the top left and bottom right halves of the arena's floor. There seems, therefore, to be little foundation for that alternative account based on Stage-2 differences in zone exploration.
We take our failure to detect differences in exploration here to be a feature of our procedure rather than an indication that successful demonstrations (e.g., Eacott & Norman, 2004; are to be doubted. In our survey of the literature, successful demonstrations permitted the position of an object to be encoded either by its relation to other objects in the arena (e.g., Barker et al., 2007; Dember, 1956; Good & Hale, 2007; or by its relation to objects beyond the arena's walls (e.g., Eacott & Norman, 2004) . In our own procedure, we attempted to eliminate such sources of performance (see Apparatus of Experiment 1) and were apparently successful.
Experiment 2
The results of Experiment 1 provided evidence of indirect recognition memory (e.g., Honey et al., 1998; Sanderson & Bannerman, 2011; Wagner, 1981) that cannot be readily accommodated by alternative accounts based on generalization decrement (Hull, 1943) . We noted also an alternative account based on differential exploration of the arena during Stage 2. In particular, Figure 2 . The paths taken by 4 rats during Stage 2 of Experiment 1. The leftmost pair of paths is that of 2 rats (nos. 10 and 28) from Group 5; the rightmost pair of paths is that of 2 rats (nos. 13 and 29) from Group 10.
the Stage-2 presentation of stimulus X in a zone not used in Stage 1 could inflate approach toward the alternative zone in which object Q was located on test. Analysis of the Stage-2 data failed to support that account; however, the possibility remains that, although Stage-2 zone entries did not differ between X's new and its original (Stage 1) location, the new location of X modified processing in some other manner. For example, when in central (nonzone) regions of the arena, rats may have spent a disproportionate amount of time looking toward X's new location; or, although there was no difference in the amount of time spent in the new and original X zones, rats may have processed the new X zone more thoroughly through an increase in arousal provoked by the change. Either process would be undetectable but could affect test performance. For this reason, and to confirm the reliability and generality of Experiment 1's findings, we sought to replicate Experiment 1 with a modified procedure in which such Stage-2 changes would not apply. The design of Experiment 2 is presented in the top panel of Figure 3 . Experiment 2 followed the same logic as Experiment 1 except that the stimuli used as X and Y were wall inserts, which surrounded all four walls of each arena during Stages 1 and 2. Nonlocalized inserts were chosen to serve as X and Y to prevent biases in Stage-2 behavior that could influence test performance.
Method
Subjects. Sixteen rats of the same sex and strain as Experiment 1 were used. They were housed and kept as in Experiment 1. Rats weighed between 360 and 440 g, with a mean weight of 393 g. Rats had previously been exposed to auditory stimuli in Figure 3 . Upper panel: Schematic representation of Experiment 2. All rats were placed in an arena containing wall inserts and domestic objects. Stage 1 comprised 2 trials. Insert X and a pair of object Ps were presented on one of those trials; insert Y and a pair of object Qs were presented on the other trial. During Stage 2, the arena contained insert X but no domestic objects. In the subsequent test, object P was presented with object Q, but no wall inserts were presented. See the Method section for full details. Lower panel: Results of Experiment 2. Means and 1 SE of each mean from of Experiment 2. The left trio of data represents the proportion (percentage) of time spent in zones during Stage 1 (PX and QY) and Stage 2 (X); the right pair of data the proportion (percentage) of time spent in zones around the P and Q objects during the test.
conditioning chambers, but were naive to the current apparatus and stimuli.
Apparatus. The arenas were those of Experiment 1. Multiple copies of a yellow, rubber duck (height ϭ 9.0 cm; maximum base dimensions ϭ 9.0 cm ϫ 7.0 cm) and a black-glass hourglassshaped bottle (height ϭ 18.0 cm; circular base ϭ 6.5 cm diameter) served as stimuli. Wall inserts with two different patterns could be also be used as stimuli. These walls were made from medium density fiberboard covered in linoleum. The walls were 45.0 cm high, and when inside the box gave floor space of 42.0 cm ϫ 32.0 cm. Two different patterns were used. One consisted of a mosaic of blue squares, each square measuring 2.3 cm 2 . The squares' edges were 45°from horizontal. The other linoleum pattern was composed of white, 272-cm 2 squares whose edges were either horizontal or vertical. A black, 16-cm 2 square was superimposed on each point where four white squares met. Each insert covered the whole of one of the shorter walls and half of both longer walls, and it was, therefore, possible to have either a single pattern or a pair of patterns in each arena. To the experimenter, differences in the squares' density, hue, and orientation made the insert distinctly different. However, in terms of the odor and tactile features of the linoleum, the inserts seemed identical.
Procedure. A schematic representation of Experiment 2 is presented in the top panel of Figure 3 . Rats were first given exposure to an empty arena to promote habituation of nonspecific arena exploration. Experimental training was given on the following day. Stage 1 comprised two trials separated by a 10-min ITI. For half of the rats in each group, stimuli P and X were presented together on the first Stage-1 trial, and stimuli Q and Y were presented together on the second Stage-1 trial; for the remainder the sequence of PX and QY presentation was reversed. For half of the rats the black bottle served as P, and the yellow duck served as Q; for the remainder of each group the roles of those objects was reversed. The blue-and-white wall inserts were identically counterbalanced in serving as X and Y. The subgroups formed by counterbalancing P and Q were represented equivalently in the subgroups formed by counterbalancing X and Y. Stage 2 followed Stage 1 and involved the placement of each rat into its arena, which contained insert X but no objects. Testing occurred after Stage 2. During testing rats were placed in an arena, which contained objects P and Q but contained no wall inserts. For half of the rats in each of the subgroups referred to above, object P was located on the top left, and object Q was located on the bottom right, object zone; for the remainder, the objects received the reverse placement. All trials were 5 min in duration and were separated by an interval of 10 min, during which rats were removed from the arenas and placed in their home cages while arenas and objects were cleaned and replaced. Two zones were located on two diagonally opposite corners of the arena floor. These zones were rectangular, measuring 13.5 cm by 12.5 cm. The area of each insert zone was 169 cm 2 . Unspecified details were identical to those of Experiment 1.
Results and Discussion
One rat was excluded from analyses because of a marked side preference throughout the experiment, which left N ϭ 15. The Experiment 2 data are summarized in the lower panel of Figure 3 . Rats spent a similar proportion of time in the PX and QY zones of Stage 1, t(14) ϭ 1.08, p Ͼ .297, p 2 ϭ .077. The data of primary importance are those from testing, which indicate again that rats spent a greater proportion of time in the Q zone than the P zone, t(14) ϭ 2.75, p Ͻ .016, p 2 ϭ .352. This finding joins that of Experiment 1 in demonstrating indirect recognition memory. To repeat, unlike similar findings (e.g., Dellu et al., 1997; Dix & Aggleton, 1999; Eacott & Gaffan, 2005) , ours cannot be the result of the restoration of approach to novel stimulus patterns created by the simultaneous presentation of X and Q on test. We suggested that the results of Experiment 1 could be the result of undetected differences in the reception of the arena during Stage 2. But in Experiment 2, such differences were not possible. Our conclusion then is that this procedure provides reasonably strong evidence for the contribution of associative processes in recognition memory (see also, e.g., Kimble & Ost, 1961; Knight et al., 2011) . When taken as a whole, the results of the current experiments provide particular support for the account of object recognition that can be derived from Brandon et al.'s (2003) model (cf., Honey & Good, 2000; Honey et al., 1998; Sanderson & Bannerman, 2011) .
General Discussion
We reasoned that extant demonstrations of indirect recognition memory (e.g., Dellu et al., 1997; Dix & Aggleton, 1999; Eacott & Gaffan, 2005) are also amenable to explanation in terms of generalization decrement caused by the simultaneous presentation of X with Q on test, for the first time. That source of performance was not possible in these experiments in which X was presented and removed before presentation of P and Q. The prediction here was that indirect, associative activation of P should be possible, but that generalization decrement should not be. We suggested that the results of Experiment 1 could have been the result of the novel location of object X during Stage 2 (e.g., Eacott & Norman, 2004; . However, analysis of Stage-2 data failed to support that suggestion, and the design of Experiment 2 eliminated that possibility.
Our results are consistent with those of Sanderson and Bannerman (2011) , who provided evidence for direct and indirect recognition processes of extramaze cues in mice (see also, Davis, 1970) . Their interpretation is based on that of Brandon et al.'s (2003) model (see also Honey & Good, 2000; Wagner, 1981) in which stimulus elements enter a secondary state of activity (A2) either via a direct path (following a primary state of activity, A1, that is permissible only from presentation of the stimulus) or through an indirect path (when associatively activated by a second stimulus). When in their A2 state, elements are unable to move to their A1 state without first passing through their inactive state. The dynamics of this system and the differences in the A1 and A2 states' ability to provoke responding are assumed to be the source of two processes of recognition, one direct and one indirect. Sanderson and Bannerman's main finding is that different optimal conditions exist for direct and indirect recognition, which they take as evidence of there being two sources of recognition. It is also apt to mention here demonstrations of relative recency in which two objects are presented in succession (Q then P) and the older object (Q) is explored more than the newer object (P) when they are presented together for testing (e.g., . This finding is naturally amenable to an analysis based on Brandon et al.'s model. For example, a relatively large proportion of object Q's elements will have decayed from their A states to their inactive state by the time of testing. Presentation of Q at test may promote those elements into their A1 state, eliciting relatively vigorous approach behavior. However, as a consequence of its recent presentation, the majority of object P's elements remain in their A2 state where they cannot immediately enter their A1 state. They will, therefore, elicit only weak exploratory responding.
In addition to predicting that indirect recognition should be possible in this procedure, Brandon et al.'s (2003) model allows processes to occur on test. Let us consider first that no indirect recognition occurs at all. For example, perhaps object P's elements are activated into their A2 state by the presentation of stimulus X during Stage 2 but become inactive by the time of the test. Thus, on test, exploratory responding is based on the A1 activity of object P and Q's elements and the A2 activity in their respective, associated, stimuli X and Y. Under these circumstances, of course, the levels of activity will be identical, and no discrimination is predicted. The only difference on test, given these particular assumptions, must be the result of stimulus X's elements residing in their A2 state during test. Brandon et al.'s model is explicitly blind to the path that elements take to reach their A2 states and so the fact that some of X's A2 activity is based on decay from A1 activity should not differentially alter the exploration of object P and Q that is supported. However, if the total number of X and Y's elements that are associatively activated into their A2 state by P and Q is less than the total number of elements that represent X and Y, the decay-based A2 activation may increase the number of X elements in their A2 states to above that of the Y elements (see, e.g., Donegan, 1981) . The natural prediction from this aspect of Brandon et al.'s model is, again, that test exploration of object P should, if anything, be greater than that of object Q-the opposite of what we report here. Of course, it is possible that the particular parameters we chose do not support such processes at all, or that their effects were weaker than the indirect recognition effect.
The indirect-activation account of performance occurs to us to be the most plausible account of the results of the current experiments, however, others are possible. We first consider an account based on stimulus intensity dynamism (Hull, 1949) -the finding that responding is related to stimulus intensity. During the test, objects P and Q might be affected by the persistent, directly activated memory of X from Stage 2, such that we might conceive their actual perception to be PX and QX. Furthermore, because each stimulus might be further elaborated by indirect activation of their Stage-1 associates, they may be perceived as PXX and QXY. In addition, it is feasible that the effect on intensity of a XY's addition to Q is greater than the addition of XX to P. On the basis of these assumptions, stimulus Q could produce greater responding because it is, in effect, more intense than stimulus P. Although this account is possible, it must be acknowledged that it relies on a sequence of unsubstantiated assumptions and that the generality of stimulus intensity dynamism has been questioned (e.g., Gray, 1965) .
Second, Rescorla (1974) has suggested that the stimulus memories that are the subject of associative learning can be updated after training. For example, Rescorla (1973) demonstrated that the repeated presentation of an unconditioned stimulus (the sounding of a klaxon) could reduce the conditioned suppression that was previously established to a light conditioned stimulus. Rescorla's (1974) explanation was that the memory of the unconditioned stimulus had been modified (i.e., the repeated presentation of the klaxon reduced its aversiveness and the memory of the klaxon was accordingly updated). It is possible to extend this interpretation to our indirect recognition demonstrations. We proposed earlier that the Stage-1 training in these experiments established X 3 P and Y 3 Q; but P 3 X and Q 3 Y are also likely to form. The test presentation of objects P and Q might elicit similar levels of approach responding, but associative activation of, respectively, stimulus X and Y may supplement this. In addition, because stimulus X's exploratory strength may be weakened by its Stage-2 presentation (i.e., its stimulus memory has been modified), the net level of responding supported by P is less than that of Q, whose associate, the memory of Y, remains relatively strong. Rescorla (1974) gave little indication of the specific nature of the stimulus memory updating, but an appropriate solution is provided by the suggestion that habituation is simply the result of the decline in the efficiency of stimulus 3 response pathways (see, e.g., Horn, 1967; Mackintosh, 1987; Robinson, Sanderson, Aggleton, & Jenkins, 2009) . In this example, stimulus 3 stimulus 3 response pathways (i.e., Q 3 Y 3 response and P 3 X 3 response) would support rats' investigation of objects on test; however, the terminal X 3 response path would have been fatigued by Stage-2 presentation of X, resulting in the reduced approach to P that was observed. Although this would adequately account for Rescorla's (1973) findings and our own demonstrations of indirect recognition, it does not easily apply to demonstrations of indirect object recognition in which stimulus X is present on test with objects P and Q (e.g., Dellu et al., 1997; Dix & Aggleton, 1999; Eacott & Gaffan, 2005) .
The third alternative account to that of indirect recognition follows from the observation that, under certain circumstances, learning about the co-occurrence of events appears to result in the formation of an association that is susceptible to symmetrical extinction (e.g., Higgins & Rescorla, 2004; see also, Aitken & Dickinson, 2005) . In this example, the presentation of stimulus X during Stage 2 could result not only in the extinction of the stimulus X 3 object P association but also in the extinction of an object P 3 stimulus X association. The observed test discrimination is then predicted because object Q generates activity by its contact with the stimulus Y representation (i.e., the operation of an intact Q 3 Y association), whereas object P is less well able to contact its associate, stimulus X. It is notable that symmetrical extinction (and several other related phenomena) appears to occur in rats and pigeons only when presentation of the stimuli is arranged with a common onset and termination (see, e.g., Higgins & Rescorla, 2004; Rescorla, 1981) . In our procedure, rats' experience of stimulus X and object P would be quite unlike this: In Experiment 1, objects P and X were on opposite corners of the arena floor; and in Experiment 2, rats could sample stimulus X (an insert) without sampling object P. Thus, although a symmetrical extinction account can, in principle, account for our findings, it falters on its reliance on parameters that were quite unlike those of our particular procedures.
We noted that the current experiments are consistent with the idea, central to Brandon et al.'s (2003) model, that two processes (direct and indirect activation) contribute to object recognition. However, they may be significant also because they stand in contrast to the predictions of two other models of stimulus representation. In order to explain effects associated with perceptual learning (e.g., Blair & Hall, 2003a , 2003b , Hall (2003) has suggested that the two different pathways (direct and indirect) by which a stimulus representation can be activated have different consequences for the changes in the effectiveness, or sensitivity, of that representation. Direct activation (as a consequence of physically presenting a stimulus) results in habituation-that is to say a reduction in the ability of that stimulus to subsequently evoke behavior. Indirect activation (as a consequence of associatively activating a stimulus representation) results in the opposite effect, antihabituation, in which the effectiveness, or sensitivity, of a stimulus is restored. The model proposed by McLaren and Mackintosh (2000) makes the same prediction. According to McLaren and Mackintosh's analysis of the effects of exposure on stimulus processing, the presentation of a stimulus (i.e., direct activation) will result in the strengthening of associations among the elements responsible for its representation-the effect of which is to reduce the salience of that stimulus. However, associative (i.e., indirect) activation of a stimulus representation should have the opposite effect. Under these circumstances any associations among the elements that represent the stimulus will be extinguishedenhancing the salience of that stimulus. The results of the experiments described here are consistent with neither Hall's (2003) nor McLaren and Mackintosh's (2000) analyses: The associative activation of object P diminished (rather than enhanced) its effectiveness in supporting its subsequent exploration during testing. Note also that this indirect form of object recognition is of the same direction as that seen in standard, direct object recognition (e.g., Kivy et al., 1956; Ennaceur & Delacour, 1988) , rather than the opposite direction that Hall (2003) and McLaren and Mackintosh (2000) required (see also, Dwyer & Honey, 2007) .
Variations on object recognition tasks in rats have been used to support the notion of their having episodic-like memory. For example, Eacott, Easton, and Zinkivskay (2005) gave rats multiple presentations of two objects (e.g., P and Q), each being presented simultaneously in one of two arenas (e.g., X and Y). Over the course of multiple successive trials, object P would be presented, for some rats, on the leftmost side of arena X while object Q was presented on the rightmost side of arena X (i.e., X: P|Q). On trials with arena Y, the position of object P and Q was reversed (i.e., Y: Q|P). The floor of the arenas was E shaped, with the start arm being in the center and the choice arms being to the left and right. During initial training, the objects were positioned at the entrance to each choice arm-where rats could see them from the arena's start arm; but, during subsequent training, objects were positioned at the ends of the choice arms, so that they could not be seen from the start arm. Interpolated throughout training were exposures to only a single object, which was given in the home cage rather than in either of the arenas. The authors found that, over the trials that followed the single-object exposure, rats turned toward the position of the object that had not just been exposed. In this example (X: P|Q, Y: Q|P), exposure to object P in the home cage would encourage a rightward turn (toward Q) when the next trial was in arena X. Of greatest significance here is the fact that above-chance performance was found irrespective of the visibility of the objects. interpreted their findings as evidence of separable familiarity and recollection components of episodic-like memory (see, e.g., Squire, Wixted, & Clark, 2007) . That is, with the objects visible, performance could be based solely on rats having a sense of familiarity with the single object encountered in the home cage immediately before the trial; but with the objects hidden from sight, rats would need to recall the training information for accurate performance. However, it is also possible to understand Eacott et al.'s findings in terms of the Brandon et al. (2003) model we have suggested as an explanation of our current results. The apparent familiarity-based performance (visible objects) may reflect differences in the activity states of the representations of the two objects on test (a relatively great proportion of the recently presented object's elements will be in their A2 state, provoking little approach i.e., directly activated recognition memory). The apparent recollection-based performance (invisible objects) may reflect indirect recognition memory. We know from the rats' performance that the left and right sides and the two types of arena are discriminable. Thus, we might expect object P to acquire two associates (e.g., one with the leftmost side of arena X [P 3 LX] and another with the rightmost side of arena Y [P 3 RY]), with Q acquiring two different associates (Q 3 LY and Q 3 RX). Presentation of, for example, object P in the home cage will indirectly activate LX and RYs' representational elements into their A2 states. If the following trial involves placement into arena X the unprimed RX stimulus will elicit greater approach behavior than the primed LX stimulus; but when the following trial involves placement into arena Y, the unprimed LY stimulus can elicit greater approach than the primed RY (cf., Honey & Good, 2000) .
Although certain versions of alternative accounts could not be fully eliminated, these experiments provide evidence for a form of indirect object recognition (see also, e.g., Dellu et al., 1997; Dix & Aggleton, 1999; Eacott & Gaffan, 2005) . It is notable that these accounts all relied on associative processes. We focused on the associative analysis for object recognition that can be derived from the theory proposed by Brandon et al. (2003) . However, the general idea that stimulus representations are diminished when associatively activated is not unique to this model, it forms the basis for many theories of learning that require variations in stimulus processing with experience (e.g., Esber & Haselgrove, 2011; Rescorla & Wagner, 1972) . Our use of separate stages in a variant of the procedure described by Dellu et al. (1997) and Dix and Aggleton (1999) enabled us to conclude that accounts of indirect object recognition based on generalization decrement were likely to be incomplete. We noted (see also, e.g., Honey & Good, 2000; Sanderson & Bannerman, 2011 ) that such demonstrations are naturally consistent with Brandon et al.'s (2003) model but appear to challenge McLaren and Mackintosh's (2000) model.
